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Introduction
[bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK48][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK28][bookmark: OLE_LINK29]At RAN#75 meeting, New Study Item on Self Evaluation towards IMT-2020 submission was approved [1], the self evaluation will provide the performance results towards all the ITU-R IMT-2020 requirements. In Report ITU‑R M.2412 [2], five test environments and the baseline evaluation configurations are defined. In the email discussion “[ITU-R AH 01] Calibration for self-evaluation”, the evaluation configurations for calibration and the calibration results were discussed, and the summary is provided in [3]. In last meeting, some technical features and system configurations were offline discussed and agreed [4]. However, some evaluation configurations for the complete evaluation to meet the IMT-2020 requirements and facilitate results collection in 3GPP still need to be further discussed.
[bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK117]In this contribution, we provide our further considerations on the system evaluation configurations and technical features, e.g. suggested antenna configurations, SRS channel estimation modeling, applied to the self evaluation, mainly focusing on evaluation for spectral efficiencies in eMBB. Also overheads which are assumed for evaluation results in our companion contributions are provided.
Discussion
[bookmark: OLE_LINK313][bookmark: OLE_LINK314][bookmark: OLE_LINK315][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK188][bookmark: OLE_LINK189]The definitions and evaluation methodology for the key requirement metrics are provided in Report ITU‑R M.2412 [2]. The spectral efficiency needs to be evaluated under the eMBB usage scenarios, including three test environments, Indoor Hotspot-eMBB, Dense Urban-eMBB and Rural-eMBB. The area traffic capacity needs to be evaluated under Indoor Hotspot-eMBB and the user experienced data rate needs to be evaluated under Dense Urban-eMBB. System-level simulation could be used to evaluate average spectral efficiency and 5th percentile user spectral efficiency, while analysis and calculation based on the results of spectral efficiency could be used to evaluate the area traffic capacity and user experienced data rate.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Antenna configuration
[bookmark: OLE_LINK325][bookmark: OLE_LINK326][bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK309][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK34][bookmark: OLE_LINK84][bookmark: OLE_LINK85]For the evaluation of spectral efficiency, the performance could be increased through the incremental of antenna array size. Meanwhile, in the system-level simulation, the incremental of number of antenna elements or/and number of TXRU increases the simulation complexity. So it is worthwhile to observe the minimum/proper antenna elements configuration and TXRU configuration to fulfil the minimum technical performance requirements. The initial spectral efficiency evaluation results are provided in our companion contribution [5, 6, 7]. According to these initial results, the downlink minimum antenna configurations to fulfil the downlink ITU minimum technical performance requirement are listed in Table 1 based on the assumptions in this contribution. It is noted that when some assumptions change, e.g. overhead, the observation will also change accordingly. However, the similar trend can be observed well.
[bookmark: OLE_LINK438]Table 1 Downlink “minimum” antenna configurations for eMBB usage scenarios at sub-6GHz
	Test environment
	Duplex scheme
	[bookmark: OLE_LINK407][bookmark: OLE_LINK408]Number of  TXRU (No. at transmitter/No. at receiver)
	Number of antenna elements (No. at transmitter/No. at receiver)

	[bookmark: OLE_LINK416][bookmark: OLE_LINK417]Indoor Hotspot-eMBB 12TRxPs
Config. A, 4GHz
	FDD
	[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK411][bookmark: OLE_LINK412]32T/4R
	[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]32Tx/4Rx

	[bookmark: _Hlk510423893]
	[bookmark: OLE_LINK80][bookmark: OLE_LINK81]TDD with 15KHz SCS
	[bookmark: OLE_LINK413]16T/4R
	16Tx/4Rx

	
	TDD with 30KHz SCS
	32T/4R
	32Tx/4Rx

	[bookmark: OLE_LINK140][bookmark: OLE_LINK184]Indoor Hotspot-eMBB 36TRxPs
Config. A, 4GHz
	FDD
	32T/4R
	128Tx/4Rx

	[bookmark: _Hlk510424407]
	TDD with 15KHz SCS
	64T/4R
	64Tx/4Rx

	
	TDD with 30KHz SCS
	64T/4R
	64Tx/4Rx

	[bookmark: _Hlk510524684]Dense Urban-eMBB
Config. A, 4GHz
	FDD
	16T/4R
	128Tx/4Rx

	
	TDD with 15KHz SCS
	16T/4R
	128Tx/4Rx

	
	TDD with 30KHz SCS
	16T/4R
	128Tx/4Rx

	[bookmark: OLE_LINK343][bookmark: OLE_LINK344][bookmark: OLE_LINK345][bookmark: OLE_LINK426][bookmark: OLE_LINK427]Rural-eMBB,
Config. A, 700 MHz
	FDD
	4T/2R
	4Tx/2Rx

	
	TDD with 15KHz SCS
	4T/2R
	4Tx/2Rx

	
	TDD with 30KHz SCS
	4T/2R
	4Tx/2Rx

	Rural-eMBB,
Config. B, 4 GHz
	FDD
	4T/2R
	4Tx/2Rx

	
	TDD with 15KHz SCS
	4T/2R
	4Tx/2Rx

	
	TDD with 30KHz SCS
	4T/2R
	4Tx/2Rx


Note: The above results may be updated when evaluation assumptions would be further updated in future.
[bookmark: OLE_LINK479][bookmark: OLE_LINK480][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Proposal 1: For downlink, in order to meet the minimum spectral efficiency performance requirement, the antenna configurations cannot be less than the configurations in Table 2 when the same assumptions in this contribution are applied.
Wrap-around method
[bookmark: OLE_LINK439][bookmark: OLE_LINK440][bookmark: OLE_LINK441][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53]In TR 36.873 [8], the calibration and evaluation results based on both the geographical distance based and radio distance based wrap-around method are both provided. The calibration results (e.g. wideband SINR) and the performance evaluation results (average spectral efficiency, 5th percentile spectral efficiency) are similar. Considering the complexity and workload of the evaluations, we propose that the evaluation based on the geographical distance wrap-around is prioritized and should be provided. 
[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Proposal 2: Geographical distance based wrap-around is prioritized in system-level simulation for self evaluation.
Overhead
Downlink Overhead
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK446][bookmark: OLE_LINK447][bookmark: OLE_LINK56][bookmark: OLE_LINK57]The calculation of overhead for downlink spectral efficiency evaluation should take into account the SS/PBCH block, PDCCH, DM-RS, CSI-RS, TRS, PT-RS. The overhead values are related to the configurations/parameters of the signals/channels, such as the number of ports, configuration types, periodicity, time-frequency density, etc. Considering the transmission mode and transmission ports configurations, reasonable options of downlink overhead parameters are listed in Table 2, 3 and 4. 
[bookmark: OLE_LINK444][bookmark: OLE_LINK445][bookmark: OLE_LINK442][bookmark: OLE_LINK443]Table 2 Recommended options of DL overhead assumption parameter values
	
	FR1
	FR2

	[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116]SS/PBCH block
	4, 8 SS/PBCH blocks  per 20ms
	64 SS/PBCH blocks per 20ms

	PDCCH
	[bookmark: OLE_LINK121][bookmark: OLE_LINK452][bookmark: OLE_LINK453]3 OFDM symbols per slot
	3 OFDM symbols per slot

	DM-RS
	4, 8,12 ports
	8,12 ports

	NZP CSI-RS for channel measurement
	4,8,16,32 CSI-RS ports with periodicity of 10 slots
	8,16,32 CSI-RS ports with periodicity of 10 slots 

	NZP CSI-RS for interference  measurement 
	4,8,12 CSI-RS ports with periodicity of 10 slots
	8,12 CSI-RS ports with periodicity of 10 slots 

	CSI-IM
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]4 REs per RB with periodicity of 10 slots
	4 REs per RB with periodicity of 10 slots

	TRS
	4 CSI-RS resource in 2 consecutive slots per 80ms, 50PRB
	4 CSI-RS resource in 2 consecutive slots per10ms, 50PRB

	PT-RS
	[bookmark: OLE_LINK457][bookmark: OLE_LINK458][bookmark: OLE_LINK459]N.A.
	[bookmark: OLE_LINK460][bookmark: OLE_LINK461]2 ports, time density is 4 OS, frequency density is 4 PRB


Table 3 Detailed DL overhead assumption parameter values for FR1
	Assumption parameters
	[bookmark: OLE_LINK222][bookmark: OLE_LINK223]OH value (%)

	[bookmark: _Hlk509845009][bookmark: OLE_LINK195]TRS
	PDCCH
	SSB
	IMR
	NZP CSI-RS for IM
	CSI-RS for CM
	DMRS
	FDD
	TDD

	[bookmark: _Hlk509843506][bookmark: _Hlk509843678][bookmark: _Hlk509843517]600REs/80ms
	3 OS/slot
	4SSB/20ms
	4REs /RB /10slots
	0
	[bookmark: OLE_LINK143][bookmark: OLE_LINK144]4ports/10slots
	[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK227][bookmark: OLE_LINK228]8REs/RB/slot
	28.95
	31.07

	
	
	
	
	
	
	12REs/RB/slot
	31.33
	33.63

	[bookmark: _Hlk509843705]
	
	
	
	
	[bookmark: OLE_LINK147]8ports/10slots
	16REs/RB/slot
	33.95
	36.63

	
	
	
	
	
	
	[bookmark: OLE_LINK170][bookmark: OLE_LINK171]24REs/RB/slot
	38.71
	41.75

	[bookmark: _Hlk509843842]
	
	
	
	
	[bookmark: OLE_LINK174][bookmark: OLE_LINK175]16ports/10slots
	[bookmark: OLE_LINK176]24REs/RB/slot
	39.19
	42.61

	
	
	
	
	
	32ports/10slots
	24REs/RB/slot
	40.14
	44.32

	[bookmark: _Hlk509997853]
	
	8SSB/20ms
	
	
	4ports/10slots
	8REs/RB/slot
	31.15
	33.01

	
	
	
	
	
	
	12REs/RB/slot
	33.53
	35.57

	
	
	
	
	
	8ports/10slots
	16REs/RB/slot
	36.15
	38.56

	
	
	
	
	
	
	24REs/RB/slot
	40.91
	43.69

	
	
	
	
	
	16ports/10slots
	24REs/RB/slot
	41.39
	44.54

	
	
	
	
	
	32ports/10slots
	24REs/RB/slot
	42.34
	46.25

	
	
	4SSB/20ms
	
	[bookmark: OLE_LINK160][bookmark: OLE_LINK161]4ports /10slots
	4ports/10slots
	8REs/RB/slot
	29.19
	31.50

	
	
	
	
	
	
	12REs/RB/slot
	31.57
	34.06

	[bookmark: _Hlk509843731]
	
	
	
	[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK219]8ports /10slots
	8ports/10slots
	16REs/RB/slot
	34.43
	37.48

	
	
	
	
	
	
	24REs/RB/slot
	39.19
	42.61

	[bookmark: _Hlk509846621][bookmark: _Hlk509843881]
	
	
	
	[bookmark: OLE_LINK168][bookmark: OLE_LINK169]12ports /10slots
	16ports/10slots
	24REs/RB/slot
	39.90
	43.89

	
	
	
	
	
	32ports/10slots
	24REs/RB/slot
	40.86
	45.60

	
	
	8SSB/20ms
	
	4ports /10slots
	4ports/10slots
	8REs/RB/slot
	31.39
	33.43

	
	
	
	
	
	
	12REs/RB/slot
	33.77
	36.00

	
	
	
	
	8ports /10slots
	8ports/10slots
	16REs/RB/slot
	36.62
	39.42

	
	
	
	
	
	
	24REs/RB/slot
	41.39
	44.54

	
	
	
	
	12ports /10slots
	16ports/10slots
	24REs/RB/slot
	42.10
	45.83

	
	
	
	
	
	32ports/10slots
	24REs/RB/slot
	43.05
	47.54


Table 4 Detailed DL overhead assumption parameter values for FR2
	Assumption parameters
	OH value
(%)

	TRS
	PT-RS
(OS,PRB)
	PDCCH
	SSB
	IMR
	NZP CSI-RS for IM
	CSI-RS for CM
	DMRS
	TDD

	[bookmark: _Hlk509846547]600REs/10ms
	2ports, (4,4)
	3 OS/slot
	64SSB/20ms
	4REs /RB /10slots
	0
	8ports /10slots
	[bookmark: OLE_LINK212][bookmark: OLE_LINK213]16REs/RB/slot
	43.30

	
	
	
	
	
	
	
	24REs/RB/slot
	48.43

	
	
	
	
	
	
	16ports /10slots
	24REs/RB/slot
	49.29

	
	
	
	
	
	
	32ports /10slots
	24REs/RB/slot
	51.00

	
	
	
	
	
	8ports /10slots
	8ports /10slots
	16REs/RB/slot
	44.16

	
	
	
	
	
	
	
	24REs/RB/slot
	49.29

	
	
	
	
	
	12ports /10slots
	16ports /10slots
	24REs/RB/slot
	42.88

	
	
	
	
	
	
	32ports /10slots
	24REs/RB/slot
	52.28


[bookmark: OLE_LINK448][bookmark: OLE_LINK449][bookmark: OLE_LINK54][bookmark: OLE_LINK55]Note: the TDD slots configuration is DSUUD, where the slot format for the S slot is format #31 with 11 DL OS, 2 UL OS and 1 X OS. The D slot is format #0 with 14 DL OS, and the U slot is format #1 with 14 UL OS. Such a configuration is mostly aligned to the configuration used in LTE-advanced self evaluation for TDD. It would be better to compare the evaluation results. With different slots configuration assumption, the overhead may be different.
Uplink Overhead
The calculation of overhead for uplink spectral efficiency evaluation should take into account the PUCCH, SRS, DM-RS and PT-RS. The overhead values are related to the configurations/parameters of the signals/channels, such as the number of ports, configuration types, periodicity, time-frequency density, etc. Considering the transmission mode and transmission ports configurations, reasonable options of uplink overhead parameters are listed in Table 5, 6 and 7.
Table 5 Recommended options of UL overhead assumption parameter values
	
	FR1
	FR2

	PUCCH
	[bookmark: OLE_LINK450][bookmark: OLE_LINK451]14OS, 4PRB for FDD and 6PRB for TDD
	14OS, 6PRB for TDD

	SRS
	[bookmark: OLE_LINK454][bookmark: OLE_LINK455][bookmark: OLE_LINK456][bookmark: OLE_LINK462][bookmark: OLE_LINK463]2 OFDM symbols per 5 slots
	2 OFDM symbols per 5slots

	DM-RS
	[bookmark: OLE_LINK23][bookmark: OLE_LINK30][bookmark: OLE_LINK69][bookmark: OLE_LINK70]2,4,8,12 ports (Configuration type 2)
	4,8,12 ports (Configuration type 2)

	PT-RS
	N.A.
	2 ports, time density is 4 OS, frequency density is 4 PRB


Table 6 Detailed UL overhead assumption parameter values for FR1
	Assumption parameters
	Overhead value

	PUCCH
	SRS
	DM-RS
	FDD

	14OS, 4PRB
	2OS, 5 slots period
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]4REs/RB/slot
	12.53%

	
	
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]8REs/RB/slot
	14.73%

	
	
	[bookmark: OLE_LINK50][bookmark: OLE_LINK66]16REs/RB/slot
	19.12%

	
	
	24REs/RB/slot
	23.52%

	PUCCH
	SRS
	DM-RS
	TDD

	14OS, 6PRB
	2OS, 5 slots period
	4REs/RB/slot
	14.05%

	
	
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]8REs/RB/slot
	16.14%

	
	
	16REs/RB/slot
	20.34%

	
	
	24REs/RB/slot
	24.53%



Table 7 Detailed UL overhead assumption parameters values for FR2
	Assumption parameters
	Overhead value

	PUCCH
	SRS
	PT-RS(OS, PRB)
	DM-RS
	TDD

	14OS, 6PRB
	2OS, 5 slots period
	2ports,density (4,4)
	8REs/RB/slot
	16.98%

	
	
	
	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]16REs/RB/slot
	21.17%

	
	
	
	24REs/RB/slot
	25.36%


Note: the TDD slots configuration is DSUUD, where the slot format for the S slot is format #31 with 11 DL OS, 2 UL OS and 1 X OS. The D slot is format #0 with 14 DL OS, and the U slot is format #1 with 14 UL OS. Such a configuration is mostly aligned to the configuration used in LTE-advanced self evaluation for TDD. It would be better to compare the evaluation results. With different slots configuration assumption, the overhead may be different.
Note that, with different assumptions, the range of DL overhead can be form less than 30% to more than 40%, and the range of UL overhead can be near 10% to more than 20%. So the overhead needs more detailed discussions and agreements to observe the evaluation results.
[bookmark: OLE_LINK256][bookmark: OLE_LINK257][bookmark: OLE_LINK62][bookmark: OLE_LINK63]Observation 1： There is an assignable difference even when considering some of reasonable options for overhead assumptions no matter for DL or UL.
[bookmark: OLE_LINK269]Proposal 3：To further study and decide the DL/UL overhead in FR1 and FR2 which are more properly applied in the self evaluation, and which should not be the same as that for peak data rate calculation. 
SRS Channel estimation model 
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]Refer to [4], it is agreed that SRS estimation error model shown in R1-145389 [9] can be used as starting point. Considering the characters and configurable parameters of SRS in NR, some parameters of the SRS channel estimation model needs further considerations.
[bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK239]For the non-ideal SRS modeling in [9], the estimated channel is expressed as 









Where  is the estimated channel, is the channel response in frequency domain, E is the white complex Gaussian variables with zero mean and variance , is the scaling factor to maintain proper normalization. The variance  is calculated by, where  can be set to 9 dB. 

[bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK255]For the calculation, there is no intra-cell SRS interference.  For inter-cell SRS interference, UEs can be  randomly grouped to some groups, UEs in the same group (in different cells) would interfere with each other’s SRS. The number of groups is related to the number of OFDM symbols occupied by SRS, the number of comb and the comb offset configured to one UE. In [9], the number of groups is 4, which corresponds to 2 SC-FDMA symbols, 2 combs for SRS transmission, and one comb offset is configured to one UE. 
[bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK49][bookmark: OLE_LINK58][bookmark: OLE_LINK59]In NR, UE can be configured with an SRS resource occupying a location within the last 6 symbols of a slot. Refer to TS 38.211, an SRS resource can consist of {1, 2, 4} symbols and the numbers of comb can be 2 and 4. In additional, one UE can be configured multiple comb offset. With different configurable assumptions, the numbers of group are different. Some optional values with different SRS configurations are listed in Table 8. It is noticed that the configuration assumptions of SRS in the channel estimation model should also be aligned with the overhead calculation for spectral efficiency evaluation.
Table 8 Number of group with different SRS configurations
	Total number of OFDM symbols occupied by SRS
	2
	2
	4
	4

	Number of comb
	2
	4
	2
	4

	Number of OFDM symbols within one SRS resource
	1
	1
	1
	1

	Number of comb offset for one UE
	2
	2
	2
	2

	Number of group
	2
	4
	4
	8


[bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Observation 2： The number of group for inter-cell interference modeling is related to the configuration assumptions of SRS, which is different from that in [9].
[bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK264][bookmark: OLE_LINK265]On the other hand, analog beam management is introduced in NR. UE can transmit SRS with a selected transmission beam and TRP receives SRS with the corresponding reception beam. The transmission and reception beams can affect the received interference power. In the same way, the precoder of the precoded SRS also affects the received interference power.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Observation 3：The analog beams should be taken into account to the calculation of interference power. When precoded SRS are transmitted, the digital precoder should also be considered.
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Proposal 4：To further and decide the parameters of the SRS channel estimation modeling which are more properly applied in the self evaluation considering the channel estimation performance.
[bookmark: OLE_LINK105][bookmark: OLE_LINK106]Proposal 5: SRS channel estimation modeling applied in self evaluation should be aligned with the assumptions of overhead for spectral efficiency evaluation.
Conclusion
In this contribution, we provide our preliminary considerations on evaluation assumptions and technical features, and we have the following observations and proposals:
Observation 1： There is an assignable difference even when considering some of reasonable options for overhead assumptions no matter for DL or UL.
Observation 2：The number of group for inter-cell interference modeling is related to the configuration assumptions of SRS, which is different from that in [9].
Observation 3：The analog beams should be taken into account to the calculation of interference power. When precoded SRS are transmitted, the digital precoder should also be considered.
Proposal 1: For downlink, in order to meet the minimum spectral efficiency performance requirement, the antenna configurations cannot be less than the configurations in Table 2 when the same assumptions in this contribution are applied.
Proposal 2: Geographical distance based wrap-around is prioritized in system-level simulation for self evaluation.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]Proposal 3：To further study and decide the DL/UL overhead in FR1 and FR2 which are more properly applied in the self evaluation, and which should not be the same as that for peak data rate calculation. 
Proposal 4：To further and decide the parameters of the SRS channel estimation modeling which are more properly applied in the self evaluation considering the channel estimation performance.
Proposal 5: SRS channel estimation modeling applied in self evaluation should be aligned with the assumptions of overhead for spectral efficiency evaluation.
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